Bicycle sharing programs provide a sustainable mode of urban transportation. Although cities across the globe have developed these systems for their citizens and visitors, usage rates are not as high as anticipated. This research uses the technology acceptance model as the basis to understand one's intention to adopt bicycle sharing programs. Using survey data derived from 421 participants in Beijing, China, the proposed covariance-based structural equation model consisting of perceived quality, perceived convenience, and perceived value is found to predict 50.5% of the variance in adoption intention. The findings of this research contribute to theory and practice in the burgeoning literature on public bicycle systems and sustainable urban transportation by offering a theoretical lens through which to consider system adoption, and providing information to practitioners as to what factors might contribute most to adoption.
Introduction
As the world's population continues to expand and urban city centers become denser, the need for intra-city transportation is increasing. In addition, problems with smog and other pollutants are driving the desire for transportation solutions to be environmentally sustainable. At the intersection of these two problems lies the re-emergence of bicycling as a viable mode of personal urban transportation. To this end, many cities across the globe offer public bicycle sharing programs for residents and tourists to utilize [1, 2] . Research to date in this area has been instrumental in describing program implementation and identifying potential barriers to, and facilitators of adoption [3] [4] [5] . Unfortunately, public bicycle programs have still not been widely adopted in many cities [6] . As such, there is a need for more empirical research regarding acceptance and use of public bicycle sharing programs. This research helps to fill this gap by using theory from the technology management domain to help explain intention to adopt public bicycles as a sustainable and readily available mode of urban transportation.
Bicycle riding has existed as a hobby and mode of transportation since the late 19th century [7] . However, viable city-wide bicycle sharing systems have only emerged over the last decade. These bicycle sharing systems consist of a seemingly complex network of stations, and the usage rules and fees associated with using these bicycles are a source of ambiguity for potential adopters, in part because different rates apply to different customers. In addition, these systems are supported largely by information technologies that allow users to register for the system and pay for service. Considering bicycle sharing systems as a technology, this research uses Davis' [8] technology acceptance model (TAM) as a theoretical foundation to examine adoption of public bicycle sharing systems.
The remainder of this article is structured as follows. In the next section, we provide background information regarding bicycle sharing literature as well as the research context. Then, we explain the theoretical foundation of the research, and present the conceptual model and hypotheses. Then, we describe the data collection and analysis approach. Next, the results are presented, which leads to a discussion of the findings and contributions for research and practice. The article closes with a brief discussion of limitations, future research, and some closing remarks.
Background
A review of the bicycle sharing literature reveals two primary research streams. In one stream, research is centered upon operational issues such as development models, network design, and vehicle scheduling from the program facilitator's point of view [9] [10] [11] . However, considering that the success of any bicycle sharing system is dependent upon consumer utilization [12] , another stream of research is focused upon consumer usage.
Case studies and other qualitative methods are used in a preponderance of the consumer usage literature to date. For instance, Fuller et al. examined health-related outcomes associated with residential exposure to the public bicycle sharing program implemented in Montreal [13, 14] . Bechand-Marleau, Lee and EI-Geneidy examined existing users of a bicycle sharing system in Montreal to identify characteristics influencing their frequency of use [15] . In related research, Sherwood and Murphy document the process for expanding San Antonio's urban municipal bicycle sharing program to find key determinants of success [16] , and Lathia, Ahmed and Capra study the effect of changing the user-access policy in London [17] . These studies have been important for establishing the contextual domain of bicycle sharing literature, and identifying variables that might be of general importance. At this juncture, we posit that a more quantitative, theory-based approach to testing these variables is needed in order to move forward in this area. Therein lies the contribution of this research to this stream of literature. Specifically, we examine a public bicycle sharing system in Beijing, China, which is currently seeing less than desired usage.
Sometimes referred to as the "kingdom of bicycle", China was considered by many as the leading country globally in terms of both the ownership and usage of bicycles as a major transportation means in the 1980s. However, recently China has witnessed a sharp decline in bicycle use. For example, the ratio of cycling transport to all urban transport for Beijing commuters has dropped at a rate of 2% annually, from 30.3% in 2005 to 17.8% in 2014 [18, 19] . Starting from 2009, major programs have been launched by the Beijing municipal government to develop public bicycling as an important component of the public transport system. For example, based on a plan released by the Beijing government in 2009, the target usage of bicycles in Beijing needs to reach 23% by the end of 2015 [20] . In 2011, the Beijing municipal government started a pilot bicycle sharing program to encourage more people to use public bicycles [21] . By the end of 2013, 25,000 public bicycles located in 600 different stations distributed throughout the six regions of the city were in operation. It is predicted that by the end of 2015, more than 50,000 public bicycles will be in operation, covering each main district and county [22, 23] .
While diffusion of bicycle sharing is anticipated, actual usage rates have remained lower than expected [23] . The bicycle sharing system in Beijing is guided by the municipal government, which provides seed money. However, private enterprises own and operate the bicycles and stations. Because of the low turnover of bicycles, major operators are at an economic loss and have trouble maintaining service without subsidies from the government. Therefore, there are many stakeholders that are in need of understanding how to encourage adoption and use of this system. This research takes an initial step toward informing business and government leaders how to promote adoption.
Conceptual Development and Hypotheses
The TAM is based upon several well-established theories and literature streams that seek to predict human intentions. These theories include the theory of reasoned action [24] the theory of planned behavior [25] , self-efficacy theory [26] , innovation diffusion theory [27] , and others. As an assimilation and extension of the aforementioned theories, the original TAM suggests that perceived usefulness and perceived ease of use play key roles in explaining the variance in a user's intentions to adopt new information systems technology [8] . Since that time, TAM has been recognized as a powerful theory in its own right and subsequently modified and extended to help explain adoption of a variety of other technological phenomenon [28] [29] [30] [31] .
Notably, TAM has been modified and extended since Davis' initial conceptualization. Significant extensions include the unified theory of acceptance and use of technology (UTAUT) [32] UTAUT 2 [33] , TAM 2 [28] and TAM 3 [29] . Through each of these extensions, a variety of additional explanatory variables have been introduced, and research suggests the contextual relevance of these variables in consideration of the given focal population for adoption, and the technological artifact under investigation. Herein, we use TAM as a theoretical foundation, and extend the original model via the introduction of an additional factor (perceived value), in order to examine adoption of public bicycle sharing systems.
We contextualize the TAM variables in this research. In many TAM extensions, a quality construct has been noted as a primary component of perceived usefulness. Considering the focal context of this research (bicycle sharing programs), we suggest that perceived quality is especially relevant. Therefore, perceived usefulness is contextualized in this research as perceived quality. Additionally, perceived ease of use is contextualized as perceived convenience. Finally, perceived value is included as an important mediating variable. As discussed below in the development of our hypotheses, these three constructs are used to explain the variance in user intention to adopt public bicycle sharing systems. The hypothesized model is specified below as Figure 1 . Kline [34] states that specification is the most important step in structural equation modeling, and suggests that alternate models should be considered if supported by theory and findings. Herein, the specified model is one possible modification to the TAM. 
TAM Relationships
Perceived usefulness is described in the literature as the degree to which an individual believes that using a particular system will enhance performance [8, 35] . The relationship between perceived usefulness and adoption intention has been demonstrated across a wide degree of research [36] . Herein, we contextualize the perceived usefulness construct as "perceived quality", which we define as one's judgment about the superiority or excellence of a product or service [37] . In the context of public bicycle sharing systems, quality represents the usefulness of the system as a viable transportation option. As such, it follows that:
H1: Perceived quality will be positively associated with public bicycle sharing systems adoption intention.
Perceived ease of use is defined as the degree to which a person believes that using a particular system would be effortless [8] . Again, as a key relationship espoused by TAM, the relationship between perceived ease of use and adoption intention has been shown to be significant across several studies, examining myriad artifacts [36] . In this study, we examine a "perceived convenience" construct, which we define as one's judgment of the time and effort required to use a service [38] . As representative of perceived ease of use, it follows that perceived convenience will have a significant impact on adoption intention. H2: Perceived convenience will be positively associated with public bicycle sharing systems adoption intention.
The Role of Perceived Value
Perceived value is hypothesized to play a significant intervening role in our research model. Perceived value can be defined as one's overall assessment of the utility of a product or service based on his or her assessed comparison of the trade-off between perceived benefits (utility) and perceived sacrifices (typically, cost considerations) [37] . To begin, extant literature suggests that perceived quality has a strong positive effect on perceived value [39, 40] , which has been demonstrated in empirical research [39, 41] . We have no reason to doubt that this direct relationship will remain significant within the context of this study, and therefore propose:
H3: Perceived quality will be positively associated with perceived value.
Research on urban transportation consistently rates measures of convenience as being significant antecedents to transportation mode usage [1, 2, 42] . What is not as clear is how perceived convenience affects one's value considerations with respect to these transportation modes. However, it follows that convenience adds to the utility realized via acquiring a given product or service, and research on consumer-perceived value generally supports this notion [43] . Herein, we suggest that the degree to which one finds public bicycle sharing systems easy to use (convenient) will be related to one's perceived value of the system.
H4: Perceived convenience will be positively associated with perceived value.
Perceived value is arguably the most significant predictor of consumer intentions in that consumers will invariably choose the option that will provide them with the highest level of perceived value [37, 41] . This relationship between perceived value and consumer purchase or adoption intention has been shown to be significant across a variety of settings examining a variety of technological phenomena [44] [45] [46] . Thus, it follows that this relationship will hold in this research setting.
H5a: Perceived value will be positively associated with public bicycle sharing systems adoption intention.
The direct relationships hypothesized above regarding perceived value are rather consistent with theory and literature on technology acceptance, especially given the rich history of research on consumer value considerations and consumer intentions. Thus, it is the mediating role that perceived value plays in the hypothesized model that is of key interest in this study. Indeed, TAM and its many variants have been operationalized across several decades of research. However, the constructs of perceived usefulness and ease of use fail to fully capture the value proposition that a technological system has to offer a consumer. Therefore, thus study contributes to this line of research by examining whether or not:
H5b: Perceived value partially mediates the relationship between perceived quality and public bicycle sharing systems adoption intention. H5c: Perceived value partially mediates the relationship between perceived convenience and public bicycle sharing systems adoption intention.
Method

Measures
To collect data, a survey method was employed. Existing scales and literature were used as the basis to measure the constructs in the hypothesized model. The measure for adoption intention was based on measures employed by Turel et al. [47] , and the measure for perceived value was based on the research of Sweeney and Soutar [48] . Items for perceived quality were based on measures employed by Hazen et al. [49] . Items to measure the perceived convenience were based on research by Shaheen et al. [2] , Zhang et al. [3] , and Eboli and Mazzula [42] . All items were measured on a 7-point, Likert-type scale ranging from "strongly disagree" to "strongly agree" and can be found in the Appendix (Table A1 ). The questionnaire contained not just the aforementioned items, but also a brief introduction to the research. It also captured basic demographic information regarding gender, age, income, education level, and area (rural, urban, suburban) to use as controls and to better understand the sample frame.
Participants
The target population for this study consists of commuters in need of short-distance urban transportation. The sample frame for this study consists of residents of Beijing, China who use various modes of public and private transportation to traverse the city. We used two survey distribution techniques: web-based and face-to-face solicitation. We used SOJUMP (http://www.sojump.com) to solicit 109 potential participants, of which 101 usable surveys were returned (92.7% response rate). We also canvassed areas of the city where residents typically frequent when attempting to satisfy transportation needs (subway stations, taxi and bus stops, bicycle paths, and public bicycle rental stations) and solicited participants face-to-face. Notably, it was not required that participants had previously used bicycle sharing programs to participate. Of the 355 individuals invited to participate face to face, 320 usable surveys were returned (90.1% response rate). The total sample size for this study is 421. Participant demographics can be found in Table 1 . Although the education and income levels noted in the sample are not necessarily representative of the Beijing population, we posit that the sample is representative of those that would consider using bicycle sharing programs. Indeed, research on bicycle sharing programs consistently finds that the demographics of those who use or intend to use shared bicycles often differ from the general population [50] [51] [52] . For instance, a recent study found that the users of the bicycle sharing program in Washington, DC differed from the general population of the city in terms of having significantly higher employment rates and education levels, and a lower average age [53] . 
Analysis and Results
Preliminary Analysis
Prior to factor analysis, we screened for missing data and ensured as a minimum that the data passed the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) and Bartlett's Test of Sphericity. Surveys with missing data were not used in the analysis; KMO was 0.89 and Bartlett's Test was significant at p < 0.001 indicating that the data was suitable for analysis in SEM [34] .
The four constructs that we used in this research are conceptually related so we performed confirmatory factor analysis prior to testing the hypotheses. We used principle axis factoring for factor extraction with direct oblimin rotation, which provided the results shown in Table 2 . All 14 indicators significantly loaded only onto their intended factor with loadings >0.5, signifying convergent validity [54] . Next, we tested for discriminate validity by combining the perceived convenience and perceived quality constructs into one and comparing the χ 2 with that of the original model. The original χ 2 of 206.346 was significantly smaller compared with 626.823 in the alternate model and provides evidence of discriminate validity [55] .
To assess the degree to which common method bias might influence the study results, we performed Harman's one-factor test by including all indicators in a principal components factor analysis. Evidence for common method bias exists if either a single factor emerges, or if one general factor accounts for the majority of the covariance among the items [56] . Our results show that neither case exists; the largest factor accounts for 43% of the variance; variance is distributed among all study constructs. Second, we examined correlations between our study constructs. Our correlation matrix (see Table 3 ) does not indicate any factors that are highly correlated (r > 0.95) [34] . Together, these assessments indicate that common method bias is not a significant threat to the validity of the results. The four latent constructs have evidence of construct reliability (Cronbach's alpha > 0.70), convergent validity, and discriminate validity as presented in the correlation matrix in Table 3 . The square root of each factor's average variance extracted is larger than their correlations.
Using the power analysis tool provided by Preacher and Coffman [57] to estimate power for the final model indicated acceptable power levels. Given N = 421, dfM = 70, and assuming α = 0.05, ε0 ≤ 0.05, and ε1 = 0.08 resulted in a close fit test power of 0.998. Changing ε0 ≥ 0.05 to ε1 = 0.01 to test not-close fit resulted in a power estimate of 0.997.
Model Fit
After evaluating the measurement model, we developed the structural model using covariance-based structural equation modeling (SEM) in Amos 23. We used the fit indices found in Table 4 to assess how well the sample data fit our model. The χ 2 fit test for exact fit rejected the hypothesis that the model and data fit. This is not surprising as this test has some limitations assessing the fit with large sample sizes [34] . Other fit indices used to measure approximate fit (see Table 4 ) provide evidence that the hypothesized model fits the data reasonably well [34] . 
Findings
Analysis of the SEM output ( Figure 2) shows that all hypothesized path coefficients are positive, with z-values that are significant, p < 0.001. Our data supports all hypotheses tested. Hypothesis 1 stated that perceived quality will be positively associated with public bicycle sharing systems adoption intention. Our results supported Hypothesis 1 (γ = 0.352, z = 3.681, p < 0.001). Hypothesis 2 stated that perceived convenience will be positively associated with public bicycle sharing systems adoption intention. Our results also supported Hypothesis 2 (γ = 0.558, z = 5.790, p < 0.001). Hypothesis 3 stated that perceived quality will be positively associated with perceived value. Our results supported Hypothesis 3 (γ = 0.353, z = 4.786, p < 0.001). Hypothesis 4 stated that perceived convenience will be positively associated with perceived value. Our results support Hypothesis 4 (γ = 0.594, z = 8.706, p < 0.001). Hypothesis 5a stated that perceived value will be positively associated with public bicycle sharing systems adoption intention. Our results supported Hypothesis 5a (β = 0.347, z = 3.466, p < 0.001).
Following the example of Saldanha et al. [58] , the mediation hypotheses were evaluated using the bootstrap test of the indirect effect as suggested by Zhao et al. [59] , who suggest that a significant indirect effect is all that is needed to establish mediation. Five thousand re-samples with replacement using Shrout and Bolger's [60] bias-corrected bootstrap method in Amos 23 ( Table 5 ) were used to determine the product of the mediation pathways with a 95% confidence interval. Support was found for Hypothesis 5b (β = 0.123 [0.034, 0.289], p = 0.003), which stated that perceived value mediates the relationship between perceived quality and public bicycle sharing systems adoption intention. Additionally, support was found for Hypothesis 5c (β = 0.206 [0.069, 0.408], p = 0.004), which stated that perceived value partially mediates the relationship between perceived convenience and public bicycle sharing systems adoption intention.
Responses to four demographic questions were used as control variables. Of gender, age, income, and education, only age revealed a significant relationship with adoption intention. The significant positive relationship between age and adoption intention indicates that older participants had a higher adoption intention than did the younger participants. Area was not considered as a control variable because more than 90% of the respondents identified as urban. 
Discussion and Conclusions
This study explored factors that affect one's intention to adopt public bicycle sharing systems. To accomplish this, we adapted and extended the TAM to include the additional construct of perceived value. The direct relationships between perceived quality, perceived convenience, and perceived value are all significant and positive with adoption intention. The indirect relationships indicate that value plays an important role in the acceptance of public bicycle sharing systems by potential users. If program operators decide to raise costs to improve the system or make a larger profit, that may lower the users' perceived value and intent to use the public bicycle sharing system. Likewise, if the perceived quality or convenience of the program increases, they may also find the program to be of greater value. Conversely, if their perception of one of these constructs decreases, than they are less likely to use the Age λ = .206 λ = .116
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system. These findings provide theoretical and practical contributions to the burgeoning bicycle sharing research stream.
Theoretical Implications and Future Research
Using the data collected, we were able to show support for this extended model that was developed based on the current literature on public bicycle sharing systems [5, 15] . This study contributes to the theory behind the TAM by replicating and extending the model to include an additional construct (perceived value) while using it to examine data in a new context. This study shows that this model can be used outside of the information systems and technology field with reasonable results.
This study used a four-construct model to show how different perceptions can affect one's intended behavior, and in this case was able to explain 50.5% of the variance in public bicycle sharing systems adoption intention. Future research is still needed to account for other factors that affect intentions to adopt these systems. Nonetheless, this research contributes to the largely qualitative body of literature by suggesting and empirically testing the importance of variables germane to adoption.
Practical Implications
Zhao et al. [6] found that greater government expenditure positively related to daily use and bicycle turnover rate. This demonstrates the need for government subsidies to lower user costs in order to increase usage; however, if there is no government subsidy, companies may find it hard to add value for the user and still make a profit. Public bicycle sharing systems' operators in China depend on government subsidies, as they cannot expect to see much revenue generated from the penalty associated with exceeding the typical one hour of free use. Using the extended TAM, this research supports the hypothesis that reasonable value of use positively affects one's intentions to adopt public bicycle sharing systems. Value needs to be considered as some zero-cost models have increased public bicycle sharing systems' daily use, but may also increase usage time per user and diminish overall sustainability. Wuhan and other cities in China have changed from a zero-cost model and suffered a significant decline in members and usage during the transformation [61] . If the operators cut the free usage time too much, members who are forced to pay a penalty every time based on their need to use the bicycle longer than the free usage period will likely use the public bicycle sharing systems less frequently or may not use them at all. In other countries, where government subsidies are more limited, managers need to balance value with perceived usefulness of the public bicycle sharing system in order to increase use in the system, and ensure profits are generated through new annual memberships or daily use passes [1].
Limitations
The first limitation of this study is that all the data was collected in one location, Beijing, China. Therefore we must be careful in trying to generalize these findings to other locations within China and even more so to other countries as many of the dynamics of the public bicycle sharing systems will be different.
Another limitation is that there are many different constructs that can affect one's intention to adopt the system and only three were considered in this study, which accounted for half of the variance in adoption intention. Some key questions that were not asked in the questionnaire were: what mode of transportation would the public bicycle sharing system be replacing for you and how often will you use the system?
Concluding Remarks
The hypothesized model has been determined to be an adequate fit with the data collected and through SEM, we find that the model explains more than 50% of the variance of whether or not potential users intend to adopt public bicycle sharing systems. Extending this model further with more factors in the future may provide even more details as to what public bicycle sharing systems' operators can do to attract a greater number of users or get more government expenditures in order to grow these systems and make them more attractive or beneficial to all parties involved. This study suggests that one area businesses and governments that want to establish or grow public bicycle sharing systems need to focus on is the intended users' perceived value of the system. 
